Electricity users expect energy on demand. This poses a problem for renewables, such as solar, wind or hydroelectric, as the supply is naturally intermittent. Building scalable and inexpensive energy storage is the answer, and here we describe a new rechargeable battery system that uses salt solutions of organic polymers and a cheap filter membrane.
SUMMARY
Electricity users expect energy on demand. This poses a problem for renewables, such as solar, wind or hydroelectric, as the supply is naturally intermittent. Building scalable and inexpensive energy storage is the answer, and here we describe a new rechargeable battery system that uses salt solutions of organic polymers and a cheap filter membrane.
The problem
Despite our reliance on fossil fuels, more than a quarter of global powergenerating capacity comes from renewable power plants (1,700 gigawatts in 2014), with another 40 gigawatts in solar and 50 gigawatts in wind farms added each year 1 . Large-scale batteries are essential for dealing with the volatile electricity output from these sources and the resulting volatile energy prices. Redox-flow batteries, developed in the 1940s, are rechargeable batteries in which energy is stored in electrolyte solutions that are pumped through the cathode and anode compartments of flow cells separated by a porous membrane. Having external tanks of electrolyte makes it easy to increase the energy storage capacity by increasing the tank volume [2] [3] [4] . However, over the past 60 years, research into redox-flow batteries has focused largely on metal salts (such as vanadium) and costly membrane materials that can withstand the corrosive electrolytes 5, 6 . A technology that is affordable and safe means moving away from materials that are strongly corrosive, scarce or toxic.
The solution
We replaced the metal salts and corrosive electrolytes in a redox-flow battery with simple organic polymers dissolved in aqueous sodium chloride solutions (see Graphical abstract). With these benign materials, we could replace expensive membrane materials (such as Nafion) with a simple filter membrane. Like a sieve, this membrane holds back large polymer molecules while allowing the smaller ions to pass. It thereby prevents intermixing of the anode and cathode solutions and prevents internal short-circuits of the battery. Such dialysis membranes are cheap and commercially available.
The organic polymers need to be highly water soluble and react at voltages where no water hydrolysis occurs. So we chose two redox-active components, TEMPO and viologen, owing to their good stability in water, and added co-monomers to further enhance their solubility. We prepared a battery test cell that used a simple filter membrane, two solutions of organic polymers in water, and table-salt. The cells demonstrated long-term stability (over 10,000 charging-discharging cycles) and
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Rechargeable battery that uses safe, metal-free and organic raw materials. a, A polymer-based redox-flow battery consisting of an electrochemical cell and two electrolyte reservoirs filled with aqueous solutions of redox-active polymers. The anolyte and catholyte cycle are separated by a semipermeable dialysis membrane, which retains the redox-active macromolecules while allowing small salt ions to pass. During the charging-discharging process, a solution of the redox-active polymers P1 and P2 is continuously transported from the electrolyte reservoirs to the electrochemical cell, where the redox reactions take place. b, Colour change of the polymer solutions upon charging-discharging. 
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The implications
This battery is a first prototype so future research can improve further on its performance and storage capacity. A big challenge is energy density. Typical rechargeable lithium batteries achieve energy densities of 200-300 watt hours per litre; however, this battery technology does not allow an independent scaling of power and capacity. Our device currently achieves 10 watt hours per litre, which is 2-3-fold less than the amount needed commercially (vanadium redox-flow batteries reach 20-40 watt hours per litre). This range should be achievable with polymer-based technology. A first step would be to optimize the polymer's solubility and the viscosity of the electrolyte solutions, perhaps by using (hyper)-branched polymers, rather than the linear polymers we used. Exploring other redox-active polymer components may also help to further boost cell voltage and therefore battery capacity. Our polymer-based redox-flow battery could pave the way to economical energy-storage devices for solar farms and wind turbines that rely on safe, metal-free and organic raw materials. The initial focus will be on batteries for wind farms. A single wind turbine has a power range of 2-6 megawatts, requiring 10-30 megawatt hours of battery capacity. The full version of this article is at Nature's website at go.nature.com/28p5gkt
